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(57) ABSTRACT 

Disclosed is a polymer compound for photoresist character 
iZed in that the polymer compound is formed of a polymer 
compound having at least one skeleton represented by the 
following general formula (1), general formula (2A), general 
formula (2B) or general formula (2C): 

(2A) 
Rxl ORxl 

(X 
(2B) 

Rxl Rxl 

y 

Rxl 
(2C) )5; 

(Wherein R is an alicyclic skeleton; at least one of Rxls 
is an electron-Withdrawing group, the residual Rxls 
being the same or different and being individually a 
hydrogen atom or monovalent organic group; With 
the proviso that R may contain a heteroatom, and that 
R and RX1 may be combined to form a ring; at least 
one of Rxls is an electron-Withdrawing group, the 
residual Rxls being the same or different and being 
individually a hydrogen atom or monovalent organic 
group; R2s may be the same or different and are 

individually a hydrogen atom or monovalent organic 
group; and n is an integer ranging from 2 to 25; With 
the proviso that at least tWo carbon atoms selected 
from carbon atoms constituting R2 and carbon atoms 
to Which the R2s are connected may be combined to 
form a condensed ring). 
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HIGH MOLECULAR COMPOUND, MONOMER 
COMPOUNDS AND PHOTOSENSITIVE 

COMPOSITION FOR PHOTORESIST, PATTERN 
FORMING METHOD UTILIZING 

PHOTOSENSITIVE COMPOSITION, AND 
METHOD OF MANUFACTURING ELECTRONIC 

COMPONENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a Continuation Application of PCT Appli 
cation No. PCT/JP01/09567, ?led Oct. 31, 2001, Which Was 
not published under PCT Article 21(2) in English. 

[0002] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Applica 
tions No. 2000-332358, ?led Oct. 31, 2000; and No. 2001 
295012, ?led Sep. 26, 2001, the entire contents of both of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] This invention relates to a photosensitive compo 
sition useful as a resist composition employed in a step of 
?ne Working in the process of manufacturing a semiconduc 
tor device. In particular, this invention relates to a transpar 
ent photosensitive composition especially suited for use in a 
process Where a short Wavelength beam of not more than 
160 nm in Wavelength, such as a ?uorine laser beam, 
electron beam, EUV and X rays, is employed. 

[0005] 2. Description of the Related Art 

[0006] In the manufacturing process of electronic compo 
nents including a semiconductor element, it is required to 
form a ?ne pattern by a photolithographic technique. This 
technique necessitates the employment of a resist and can be 
performed according to the folloWing process. Namely, ?rst 
of all, a resist composition is coated on the surface of 
substrate to form a thin ?lm constituting a photoresist ?lm. 
Then, this photoresist ?lm is subjected to exposure, Which is 
folloWed by treatments including the development and rins 
ing thereof to form a resist pattern. Thereafter, by using this 
resist pattern as an etching resistance mask, an exposed 
surface of the substrate is selectively etched aWay so as to 
form ?ne lines or openings, thus form a desired pattern. 
Finally, the resist pattern left remained on the substrate is 
removed by ashing, thus obtaining a patterned substrate. 

[0007] As for the exposure apparatus employed on the 
occasion of forming a pattern by using a resist, there is 
generally employed a reducing projection type exposure 
apparatus or so-called stepper. According to this exposure 
apparatus, since the Work of exposure is performed through 
the projection of an optical image, the resolution is limited 
by the Wavelength of the beam employed. Along With rapid 
progress in multi-functionaliZation and densi?cation of elec 
tronic components in recent years, there is an increasing 
demand for enhancing the ?neness of circuits. In order to 
meet this demand, efforts are being made to employ a light 
source of shorter Wavelength in the exposure, thereby mak 
ing it possible to perform a ?ner Working on the circuit. It 
Would be imperative to employ, in the manufacture of 
electronic devices in the coming era of gigabit memories an 
F2 excimer laser having a Wavelength of 157 nm as a main 
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light source. Therefore, it is noW desired to develop a resist 
material excellent in transparency and capable of forming a 
?ne pattern by using an F2 excimer laser as an exposure light 
source. 

[0008] Incidentally, a dry etching process using plasma 
can noW be employed for ?nely Working a substrate. There 
fore, With a vieW to more effectively performing such a ?ne 
Working as mentioned above, it is noW desired to form a 
resist pattern by using a resist excellent in dry etching 
resistance. 

[0009] A resist comprising an alicyclic compound, Which 
can be employed in place of aromatic compounds has 
recently attracted attention. For example, Jpn. Pat. Appln. 
KOKAI Publication No. 4-39665 describes an alkali-devel 
oping resist excellent in dry etching resistance and in 
transparency to a beam of short Wavelength. In this publi 
cation, there is employed a polymer Which is formed of a 
compound comprising adamantine (or a bridged alicyclic 
compound) Which is copolymeriZed With another acrylic 
ester-based compound so as to provide a polymer With 
alkali-solubility. 
[0010] Further, there have been developed various resist 
materials, such as a resist material having a tricyclodecanyl 
structure as shoWn in Jpn. Pat. Appln. KOKAI Publication 
No. 7-199467 as an alicyclic compound having a ?ve 
membered ring among bridged alicyclic compounds, a resist 
material containing an alicyclic group-containing acrylic 
ester-based resin as a base material, and a resist material 
containing an anhydrous maleic acid-based resin as a base 
material. HoWever, these materials are highly capable of 
absorbing the aforementioned short Wavelength beam hav 
ing a Wavelength of 160 nm or less. Therefore, When this 
short Wavelength beam having a Wavelength of 160 nm or 
less is employed as an exposure light source for the etching 
of a resist ?lm comprising any of these resist materials, it is 
impossible to enable the exposure beam of such a short 
Wavelength to reach a suf?cient depth from the surface of the 
resist ?lm. Accordingly, there is a problem that it is dif?cult, 
even if these conventional resist materials are employed, to 
obtain a desired ?ne pattern by using a short Wavelength 
beam having a Wavelength of 160 nm or less as an exposure 
light source. 

BRIEF SUMMARY OF THE INVENTION 

[0011] As explained above, a photosensitive material 
employed for realiZing a ?ne pattern in the order of nanom 
eters is required not to absorb a short Wavelength beam 
having a Wavelength of 160 nm or less, and a resist pattern 
obtained from this photosensitive material is required to 
have a sufficient dry etching resistance. 

[0012] Incidentally, most of the monomers constituting 
acrylic alicyclic compound-containing polymers useful for 
forming a resist and have been developed up to date contain 
a carbonyl group, and the polymers are accompanied With 
various problems, such as insufficiency in transparency to a 
beam of 157 nm in Wavelength. For example, a resist 
comprising any of these polymers is highly capable of 
absorbing such a short Wavelength beam, so it is impossible 
to enable the exposure beam of such a short Wavelength to 
reach a suf?cient depth from the surface of the resist ?lm at 
the exposure. Accordingly, it is impossible, even if the 
exposure of a resist is performed using these conventional 
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resists comprising an acrylic alicyclic compound and a short 
Wavelength beam of 157 nm or less in Wavelength, to obtain 
a pattern Which is excellent in resolution. 

[0013] Therefore, an object of the present invention is to 
provide a polymer compound for a photoresist (hereinafter 
referred to as a polymer compound for photoresist) and 
eXcellent in transparency to a short Wavelength beam of 160 
nm or less, in particular, to a ?uorine laser beam. 

[0014] Another object of the present invention is to pro 
vide a monomer compound Which can be employed as a raW 
material for synthesizing the aforementioned polymer com 
pound for photoresist. 

[0015] A further object of the present invention is to 
provide a photosensitive resin composition Which is eXcel 
lent in transparency to a short Wavelength beam of 160 nm 
or less, in particular, to a ?uorine laser beam, and also 
eXcellent in dry etching resistance, and Which is capable of 
forming a resist pattern eXcellent in adhesion, and resolution 
in the alkaline development of the resist pattern. 

[0016] Still more, a further object of the present invention 
is to provide a method of forming a pattern by using the 
aforementioned photosensitive resin composition, and to 
provide a method of manufacturing electronic components 
by the aforementioned pattern-forming method. 

[0017] With a vieW to solve the aforementioned problems, 
the present invention provides a polymer compound for 
photoresist, characteriZed in that the polymer compound is 
formed of a polymer compound having at least one skeleton 
represented by the folloWing general formula (1), general 
formula (2A), general formula (2B) or general formula (2C): 

(1) 
Rxl 

[0018] (Wherein R is an alicyclic skeleton; and at 
least one of Rxls is an electron-Withdrawing group, 
the residual Rxls being the same or different and 
being individually a hydrogen atom or monovalent 
organic group; With the proviso that R may contain 
a heteroatom, and that R and RX1 may be combined 
to form a ring); 
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-continued 

(2C) 

[0019] (Wherein at least one of Rxls is an electron 
WithdraWing group, the residual Rxls being the same 
or different and being individually a hydrogen atom 
or monovalent organic group; R2s may be the same 
or different and are individually a hydrogen atom or 

monovalent organic group; and n is an integer rang 
ing from 2 to 25; With the proviso that at least tWo 
carbon atoms selected from carbon atoms constitut 
ing R2 and carbon atoms to Which the R2s are 
connected may be combined to form a condensed 

ring). 

[0020] The present invention also provides a polymer 
compound for photoresist, Which is characteriZed in that the 
polymer compound is formed of a polymer compound 
having at least one skeleton represented by the folloWing 
general formula (3A), general formula (3B), general formula 
(3C) or general formula (3D): 

(3A) 

(3B) 
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-continued 

(3C) 
ORX3 RX3 

R 

R4 

R4 

R 

(313) 

[0021] (wherein at least one of RX3s is a ?uorine atom 
R4 

or monovalent organic group containing a ?uorine R4 
atom, the residual RX3s being the same or different R4 
and being individually a hydrogen atom or monova 
lent organic group; and R4s may be the same or R4 
different and are individually a hydrogen atom or 4 

monovalent organic group; With the proviso that one R 

R4 or tWo of the RX3 and the R4 are respectively a 

coupling hand). 

[0022] The present invention also provides a polymer 
compound for photoresist, Which is characteriZed in that the 
polymer compound is formed of a polymer compound 
having at least one skeleton represented by the folloWing 
general formulas (4A), (4B), (4C), (4D), (4E), (4F), (4G) 
and (4H): 

(4A) 
R4 

x3 

4 R Rx3 
R 

R4 

R4 R4 0 

R4 
Rx3 

-continued 
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Rx3 

4 o 

Rx3 
4 

R Rx3 

4 

4 R4 
R 

Rx3 

R4 

O 
R4 R4 

R4 
R4 

4 
R R4 

ORX3 

ORX3 

(4B) 

(4C) 

(4D) 

(4E) 

(4F) 

(46) 
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-continued 

(4H) 

[0023] (wherein at least one of RX3s is a ?uorine atom 
or monovalent organic group containing ?uorine 
atom, the residual RX3s being the same or different 
and being individually a hydrogen atom or monova 

lent organic group; and R4s may be the same or 

different and are individually a hydrogen atom or 

monovalent organic group; With the proviso that one 
or tWo of the RX3 and the R4 are respectively a 

coupling hand). 

[0024] The present invention also provides a polymer 
compound for photoresist, Which is characteriZed in that the 
polymer compound is formed of a polymer compound 
having a repeating unit represented by the following general 
formula (u-): 
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-continued 
1 1 (2B) 

RX RX 

(C(R2)2)n 0 

MW 
Rxl 

(2C) 

MS 
[0026] (Wherein R is an alicyclic skeleton; at least 

one of Rxls is a halogen atom or monovalent organic 
group containing a halogen atom, the residual Rxls 
being the same or different and being individually a 
hydrogen atom or monovalent organic group; R2s 
may be the same or different and are individually a 
hydrogen atom or monovalent organic group; n is an 
integer ranging from 2 to 25; and m is an integer 
ranging from 0 to 3; With the proviso that R may 
contain a heteroatom, and that at least tWo carbon 
atoms selected from carbon atoms constituting R, R2 
and RX1, and carbon atoms to Which the R, R2 and 
R are connected may be combined to form a con 
densed ring). 

(11-1) 

[0025] (Wherein R2s may be the same or different and 
are individually a hydrogen atom, halogen atom or 
monovalent organic group; R5 is a group represented 
by any one of the folloWing general formulas (5), 
(2A), (2B) and (2C); and W is a single bond or a 
coupling group): 

(5) 
Rxl 

(2A) 
Rxl ORxl 

[0027] The present invention also provides a polymer 
compound for a photoresist, Which is characteriZed in that 
the polymer compound is formed of a polymer compound 
having at least one repeating unit represented by the fol 
loWing general formulas (u-2a), (u-2b) and (u-2c): 

[0028] (Wherein R is an alicyclic skeleton; at least 
one of Rxls is a halogen atom or monovalent organic 
group containing a halogen atom, the residual Rxls 
being the same or different and being individually a 
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hydrogen atom or monovalent organic group; R2s 
may be the same or different and are individually a 
hydrogen atom or monovalent organic group; Ws 
may be the same or different and are individually a 
single bond or a coupling group; and n is an integer 
ranging from 2 to 25; With the proviso that R may 
contain a heteroatom, and that at least tWo carbon 
atoms selected from carbon atoms constituting R, R2 
and RX1, and carbon atoms to Which the R, R2 and 
R are connected may be combined to form a con 
densed ring). 

[0029] The present invention also provides a polymer 
compound for photoresist, Which is characteriZed in that the 
polymer compound is formed of a polymer compound 
having at least one repeating unit represented by the fol 
loWing general formulas (u-3a), (u-3b) and (u-3c) 

(u-3a) 

l2 l2 

R29 
Rxl oRX1 

(u-3b) 
R2 R2 

l l 

1L2 | 

O 

S 

R2 R2 (u-3c) 

l l 

'2 | R 

O 

RXl RXl 

[0030] (Wherein at least one of Rxls is a halogen 
atom, monovalent organic group containing a halo 
gen atom, hydrogen atom or monovalent organic 
group; and R2s may be the same or different and are 
individually a hydrogen atom or monovalent organic 
group). 

[0031] The present invention further provides a photo 
sensitive resin composition Which is characteriZed in that it 
comprises a polymer compound for photoresist, and a photo 
acid generating agent; Wherein the polymer compound is 
formed of a polymer compound having at least one skeleton 
represented by the aforementioned general formula (1), 
general formula (2A), general formula (2B) or general 
formula (2C). 
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[0032] The present invention further provides a photo 
sensitive resin composition Which is characteriZed in that it 
comprises a polymer compound for photoresist, and a photo 
acid generating agent; Wherein the polymer compound is 
formed of a polymer compound having at least one repeating 
unit represented by the folloWing general formula (u-l), any 
one of the folloWing general formulas (u-2a), (u-2b) and 
(u-2c), or any one of the folloWing general formulas (u-3a), 
(u-3b) and (u-3c): 

(11-1) 

[0033] (Wherein R2s may be the same or different and 
are individually a hydrogen atom, halogen atom or 
monovalent organic group; R is a group represented 
by any one of the folloWing general formulas (5), 
(2A), (2B) or (2C); and W is a single bond or a 
coupling group); 

(5) 

Rxl ORxl (2A) 

Rxl Rxl (2B) 

(C(RZhXXO 
UNI 

Rxl 
(2C) 

[0034] (Wherein R is an alicyclic skeleton; at least 
one of Rxls is a halogen atom or monovalent organic 
group containing a halogen atom, the residual Rxls 
being the same or different and being individually a 
hydrogen atom or monovalent organic group; R2s 
may be the same or different and are individually a 
hydrogen atom or monovalent organic group; n is an 
integer ranging from 2 to 25; and m is an integer 
ranging from 0 to 3; With the proviso that R may 
contain a heteroatom, and that at least tWo carbon 
atoms selected from carbon atoms constituting R, R2 
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and Rxl, and carbon atoms to Which the R, R2 and 
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Rx are connected may be combined to form a con- -continued 

densed ring); R2 R2 (u'3c) 

(u-Za) I2 I 
—W—R—W— R 

Rxl_C_Rxl 
O 

ORxl 
(u-Zb) 

Rxl ORxl RXl RXl 

(C(R2)2)n . X1 . 
[0036] (wherein at least one of R s is a halogen 

atom, monovalent organic group containing a halo 
_ _ gen atom, hydrogen atom or monovalent organic 
W W 2 . 

(wk) group; and R s may be the same or different and are 
Rxl Rxl individually a hydrogen atom or monovalent organic 

group). 
(C(R2)2)n O Rxl [0037] Further, the present invention also provides a poly 

1 mer compound for a photoresist, Which is characteriZed in 
RX that the polymer compound is formed of a polymer com 

—W W— pound having at least one skeleton, represented by the 
folloWing general formula (11), general formula (12A) or 
general formula (12B): 

[0035] (Wherein R is an alicyclic skeleton; at least 
one of Rxls is a halogen atom or monovalent organic 
group containing a halogen atom, the residual Rxls 
being the same or different and being individually a 
hydrogen atom or monovalent organic group; R2s 
may be the same or different and are individually a 

hydrogen atom or monovalent organic group; Ws 
may be the same or different and are individually a 
single bond or a coupling group; and n is an integer 
ranging from 2 to 25; With the proviso that R may 
contain a heteroatom, and that at least tWo carbon 
atoms selected from carbon atoms constituting R, R2 
and Rxl, and carbon atoms to Which the R, R2 and 
R are connected may be combined to form a con 

densed ring); 

(u-3a) 
R2 R2 

his; 

R29 
Rxl oRX1 

(u-3b) 
R2 R2 

| 

Rzl 
O 

S 

(11) 
RF 

RF 

[0038] (Wherein R is an alicyclic skeleton; at least 
one of RFs is a ?uorine atom, the residual RFs being 
the same or different and being individually a hydro 
gen atom or monovalent organic group; RP is a 
hydrogen atom or monovalent organic group; R2s 
may be the same or different and are individually a 
hydrogen atom or monovalent organic group; and u 
is 0 or an integer not less than 1; With the proviso that 
R may contain a heteroatom, and that R, RF and R2 
may be combined With each other to form a ring); 

(12A) 
RF ORp 

(C(R2)2)n 

(12B) 
RF RF 

(C(R2)2)n 0 
RF 

RF 

[0039] (Wherein at least one of RFs is a ?uorine atom, 
the residual RFs being the same or different and 
being individually a hydrogen atom or monovalent 
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organic group; RP is a hydrogen atom or monovalent 
organic group; R2s may be the same or different and 
are individually a hydrogen atom or monovalent 
organic group; and n is an integer ranging from 2 to 
25; With the proviso that at least tWo carbon atoms 
selected from carbon atoms constituting R2 and car 
bon atoms to Which the R2s are connected may be 
combined to form a condensed ring). 

[0040] Further, the present invention also provides a 
monomer compound useful for forming a polymer for a 
photoresist through a polymeriZation thereof, Which is char 
acteriZed in that the monomer compound has a skeleton 
represented by the folloWing general formula (m-l), general 
formula (m-2a), general formula (m-2b), general formula 
(m-3a), general formula (m-3b) or general formula (m-3c): 

(In-1) 
Rb 

Rc RF 

[0041] (Wherein R is an alicyclic skeleton; at least 
one of RFs is a ?uorine atom, the residual RFs being 
the same or different and being individually a hydro 
gen atom or monovalent organic group; RP is a 
hydrogen atom or monovalent organic group; R2s 
may be the same or different and are individually a 
hydrogen atom or monovalent organic group; R8, Rb 
and Rc may be the same or different and are indi 
vidually a hydrogen atom, halogen atom or monova 
lent organic group; and ml and u are 0 or an integer 
not less than 1; With the proviso that R may contain 
a heteroatom, and that some of R, RF, Ra, Rb, Rc and 
R2 may be combined With each other to form a ring); 

[0042] (Wherein at least one of RFs is a ?uorine atom, 
the residual RFs being the same or different and 
being individually a hydrogen atom or monovalent 
organic group; RP is a hydrogen atom or monovalent 
organic group; R2s may be the same or different and 
are individually a hydrogen atom or monovalent 
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organic group; R8, Rb and Rc may be the same or 
different and are individually a hydrogen atom, halo 
gen atom or monovalent organic group; and n is an 
integer ranging from 2 to 25; With the proviso that at 
least tWo carbon atoms selected from carbon atoms 
constituting RF, Ra, Rb, Rc and R2, and carbon atoms 
to Which R2s are connected may be combined With 
each other to form a condensed ring); 

[0043] (Wherein R‘ is an alicyclic skeleton having at 
least one double bond in the structure thereof; at least 
one of RFs is a ?uorine atom, the residual RFs being 
the same or different and being individually a hydro 
gen atom or monovalent organic group; RP is a 
hydrogen atom or monovalent organic group; R2s 
may be the same or different and are individually a 
hydrogen atom or monovalent organic group; R8 and 
Rb may be the same or different and are individually 
a hydrogen atom, halogen atom or monovalent 
organic group; and u is 0 or an integer of not less than 
1; m2 and n1 are an integer ranging from 0 to 25; 
With the proviso that R may contain heteroatom and 
that at least tWo carbon atoms selected from carbon 
atoms constituting R‘, R8, Rb, R2 and RF, and carbon 
atoms to Which R‘, R8, Rb, R2 and RF are connected 
may be combined With each other to form a con 
densed ring). 

[0044] Further, the present invention also provides a 
method of forming a pattern, the method comprising: 

[0045] forming a resin layer comprising the afore 
mentioned photosensitive resin composition on a 
surface of a substrate; 

[0046] applying a patterned eXposure to a predeter 
mined region of the resin layer by F2 laser; 

[0047] heat-treating the resin layer that has been 
subjected to the patterned exposure; and 

[0048] subjecting the heat-treated resin layer to a 
developing process using an aqueous alkaline solu 
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tion to selectively dissolve and remove exposure 
portions or unexposure portions, thereby forming the 
pattern. 

[0049] Further, the present invention also provides a 
method of manufacturing electronic components, the 
method comprising: 

[0050] forming a resin layer comprising the afore 
mentioned photosensitive resin composition on a 
surface of a substrate; 

[0051] applying a patterned exposure to a predeter 
mined region of the resin layer by F2 laser; 

[0052] heat-treating the resin layer that has been 
subjected to the patterned exposure; 

[0053] subjecting the heat-treated resin layer to a 
developing process using an aqueous alkaline solu 
tion to selectively dissolve and remove exposure 
portions or unexposure portions, thereby forming a 
resist pattern; and 

[0054] etching the substrate by using the resist pat 
tern as an etching mask. 

[0055] Next, the present invention Will be further 
explained in detail. 

[0056] As for speci?c examples of the photosensitive resin 
composition according to the present invention, they include 
a resin composition (positive resist) comprising a resin 
Whose main chain can be cut off as it is subjected to 
exposure, or comprising a compound Whose solubility can 
be enhanced as it is subjected to exposure; and a resin 
composition (negative resist) comprising a resin Which can 
be crosslinked as it is subjected to exposure, or comprising 
a compound Whose solubility can be deteriorated as it is 
subjected to exposure. It is also useful to employ a chemical 
ampli?cation type resist Which enables a photochemical 
reaction to be promoted by a thermal reaction after being 
subjected to exposure. 

[0057] As for the positive chemical ampli?cation type 
resist, it is possible to employ a resin composition compris 
ing a compound called a photo-acid generating agent Which 
is capable of generating an acid as it is subjected to expo 
sure, a compound having at least one linkage that can be 
decomposed by an acid, such as a compound having a 
solubility-inhibiting group therein, and additionally, if 
required, an alkali-soluble resin. This positive chemical 
ampli?cation type resist is designed such that under the 
condition Where it is not yet subjected to exposure, the 
solubility thereof to an alkaline developing solution is 
inhibited due to the presence of a solubility-inhibiting agent 
(or solubility-inhibiting group). 
[0058] As for the negative chemical ampli?cation type 
resist, it is possible to employ a resin composition compris 
ing a photo-acid generating agent, an alkali-soluble resin, 
and a compound Which is capable of crosslinking the 
aforementioned resinous component by the effect of an acid, 
or a compound Whose solubility can be deteriorated by the 
effect of an acid. This negative chemical ampli?cation type 
resist is designed such that the alkali-solubility thereof can 
be deteriorated through the promotion of crosslinking 
thereof that can be brought about by the generation of an 
acid at the exposure region, or through the change of 
polarity. 
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[0059] The photosensitive resin composition according to 
the present invention is featured in that the resin (a polymer 
compound for photoresist) constituting a main component is 
formed of a cyclic structure Wherein a halogen atom such as 
?uorine is introduced into the skeleton thereof. It is noW 
made possible, through this introduction of such a substitu 
ent group into an alicyclic structure, to improve the trans 
parency thereof to a beam of 160 nm or less in Wavelength, 
the alkali-solubility thereof, the dry etching resistance 
thereof, and the adhesiveness thereof to a substrate. 

[0060] The polymer compounds useful for forming a 
photoresist according to the present invention are formed of 
alcohol having a bridged alicyclic skeleton comprising a 
combination of at least one cyclic structure selected from a 
?ve-membered ring structure, a six-membered ring structure 
and a seven-membered ring structure (hereinafter referred to 
simply as “a bridged alicyclic skeleton”) or have a ?uorine 
atom introduced into the skeleton. Due to the presence of 
such a bridged alicyclic skeleton that is introduced into the 
polymer compound, it is noW possible to enhance the dry 
etching resistance of the photoresist. 

[0061] As for examples of this bridged alicyclic skeleton, 
they include a cyclo-compound represented by CDH2n (n is 
5 or 6), a bicyclo-compound formed of a combination of the 
cyclo-compounds, a tricyclo-compound formed of a com 
bination of the cyclo-compounds, and a condensed rings of 
these cyclic compounds. More speci?cally, they include 
norbornyl ring, adamantyl ring, dicyclopentane ring, tricy 
clodecane ring, tetracyclododecane ring, bornene ring, 
decahydronaphthalene ring, polyhydroanthracene ring, tri 
cyclene, steroid skeleton such as cholesteric ring, bile acid, 
digitaloids, camphor ring, iso-camphor ring, sesquiterpene 
ring, santon ring, diterpene ring, triterpene ring and steroid 
saponin. These alicyclic skeletons can be introduced as the 
R into the polymer compound for photoresist, Which is 
represented by the general formula (1) according to the 
present invention. This alicyclic skeleton R may contain, as 
a ring-constituting element or as a substituent group, het 
eroatom such as oxygen atom, nitrogen atom, ?uorine atom, 
chlorine atom, bromine atom, iodine atom, etc. As for the R 
in the polymer compound for photoresist, Which is repre 
sented by the general formula (1) according to the present 
invention, it is preferable to employ, in vieW of enhancing 
the dry etching resistance, norbornyl ring, adamantly ring, 
dicyclopentane ring, decahydronaphthalene ring and tricy 
clodecane ring. 

[0062] As for the electron-Withdrawing group that can be 
introduced as the RX1 into the polymer compound for pho 
toresist according to the present invention, it is preferable to 
employ a monovalent organic group containing a halogen 
atom. As for the monovalent organic group containing a 
halogen atom, it is possible to employ, for example, tri?uo 
romethyl group, penta?uoroethyl group, hepta?uoropropyl 
group, nona?uorobutyl group, ?uoro group, chloro group, 
bromo group, iodo group, trichloromethyl group, pentachlo 
roethyl group, heptachloropropyl group, nonachlorobutyl 
group, tribromomethyl group, pentabromoethyl group, hep 
tabromopropyl group, nonabromobutyl group and triiodom 
ethyl group. Incidentally, as for the halogen atom, it is 
possible to employ a ?uorine atom, chlorine atom, bromine 
atom and iodine atom. It is preferable hoWever, in vieW of 
enhancing the alkali-solubility of resist in particular, to 
employ ?uorine atom. Namely, as for the monovalent 
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organic group containing a halogen atom that can be intro 
duced as the RX1 into the polymer compound, it is preferable 
to employ tri?uoromethyl group, penta?uoroethyl group, 
hepta?uoropropyl group and nona?uorobutyl group. 

[0063] Further, as for the monovalent organic group that 
can be introduced as the RX1 into the polymer compound, it 
is possible to employ, for example, pentyl group, cyclohexyl 
group, methyl group, ethyl group, propylbutyl group, n-bu 
tyl group, isobutyl group, s-butyl group, t-butyl group, 
cyclohexylmethyl group, isopropyl group, allyl group, pro 
pargyl group, cyclohexylmethylethyl group, hydrocarbon 
group, pentacycloalkyl group, tetracycloalkyl group, deca 
nyl group, cholanyl group, tricycloalkyl group, bicycloalkyl 
group, heterocycloalkyl group, a group having terpenoid 
skeleton and cyano group. More speci?cally, speci?c 
examples of the monovalent organic group include, for 
example, phenyl, naphthyl, methyl, ethyl, propyl, butyl, 
pentyl, hexyl, heptyl, octyl, nonyl, decanyl, undecanyl, 
dodecanyl, cyclohexyl, tricycle[3.3.1.13’7]decanyl, cyclo 
pentyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecanyl, 
tricyclodecanyl, 2-methyl-tricyclo[3.3.1.13>7]decanyl, 
androst-4-ene-3,1,1,17-trion-yl, 21-acetoxypregnane-11,20 
dion-3-yl, pregnane-11,20-dion-3-yl, cholest-4-en-3-yl, 
17,21-dihydroxy-5ot-pregnane-11,20-dion-3-yl, 3, 17-dihy 
droxy-Sot-pregnane-l1,20-dion-21-yl, bicycle[4,4,0]deca 
nyl, etioallocholanyl, 3-hydroxy-androstan-17-yl, 
hydroxyandrostanyl, 1,1‘—oxoethyl-3-methoxy-4-phenyl, 
benZofuranyl, benZothiaZolyl, 3-hydroxyestro—4-en-17-yl, 
hydroxyestro-4-enyl, 1,4-androstadien-3-on-17-yl, 1,7,7-tri 
methylbicyclo[2,2,1]heptan-2-yl, 1,7,7-trimethylbicyclo[2, 
2,1]heptan-2-on-3-yl, 24-R-ergost-5-en-3-yl, 4,7,7-trim 
ethyl-3-oxobicyclo[2,2,1]heptan-2-yl, sebacinyl, cevinyl, 
crydoniny, 3,7-dihydroxyfuranyl, 3-hydroxycholanyl, 7-hy 
droxycholanyl, cholanyl, cholestanyl, 3-cholestanyl, choles 
tralyl, 3,7,12-trihydroxy-5B-cholan-24-yl, stigmasta-7,22 
dien-3-yl, chlostevolyl, corticosteronyl, cortisonyl, 
cortholyl, cortholonyl, cyclohexylcarbinyl, 7-dehydrocho 
lesteryl, 3,7,12-trioxofuran-24-yl, pregn-4-ene-3,11,20 
trion-21-yl, 1,3-cyclohexanedion-5-yl, esgostanyl, ergost-7 
en-3-yl, pentadecanyl, hexadecanyl, heptadecanyl, 
octadecanyl, nonadecanyl, oxacyclohexadecan-2-on-3-yl, 
hydroxycholesterol-3-yl, 4-hydroxy-estro-4-en-3-on-17-yl, 
exo-1,7,7-trimethylbicyclo[2,2,1]heptan-2-yl, ketoprogest 
eronyl, lupininyl, novobunolyl, 6-methylpregn-4-ene-3,20 
dion-ll-yl, (lot,2[3,5(x)-5-methyl-2-(l-methylethyl)-cyclo 
hexyl, (lot,2[3,5(x)-5-methyl-2-(l-hydroxy-1-methylethyl) 
cyclohexyl, norcholanyl, dihydro-4H-dimethyl-2(3H) 
furanon-3-yl, pinen-yl, pregon-6-yl, cyclodecanon-2-yl, 1,2 
cyclodecanedion-3-yl, (3[3,5(x)-stigmastan-3-yl, ot-hydroxy 
ot,ot,4-trimethyl-3-cyclohexen-5-yl, solanid-5-en-3-yl, (3B, 
22E)-stigmasta-5,22-dien-3-yl, taraxasteryl, and taraxeril. 
These monovalent organic groups can be introduced as the 
R2 into the general formulas (2A), (2B) and (2C). Further, 
these monovalent organic groups can be introduced also as 
the RX3 or R4 into the general formulas (3A), (3B) and (3C). 
As for the monovalent organic group, it is preferable to 
employ hydrocarbon groups having 1 to 15 carbon atoms, in 
particular, hydrogen atom, methyl group, ethyl group, iso 
propyl group, n-butyl group, s-butyl group, t-butyl group, 
isobutyl group and pentyl group. 
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[0064] As for the halogen atom that can be introduced as 
the R2, it is possible to employ ?uorine atom, chlorine atom, 
bromine atom and iodine atom. 

[0065] As for the monovalent organic group containing 
?uorine atom that can be introduced as the RX3, it is possible 
to employ, for example, tri?uoromethyl group, penta?uoro 
ethyl group, penta?uoropropyl group and nona?uorobutyl 
group. Among them, it is more preferable to employ trif 
luoromethyl group, penta?uoroethyl group, hepta?uoropro 
pyl group and nona?uorobutyl group. Further, ?uoro group 
is also preferable to employ as the RX3. 

[0066] As for the bivalent organic group containing halo 
gen atom that can be introduced as the RX6, it is possible to 
employ, for example, di?uoromethylene group, tetra?uoro 
ethylene group, hexa?uoropropylene group, octa?uorobu 
tylene group, dichloromethylene group, tetrachloroethylene 
group, hexachloropropylene group, octachlorobutylene 
group, dibromomethylene group, tetrabromoethylene group, 
hexabromopropylene group, octabromobutylene group, and 
diiodometheylene group. Among them, it is more preferable 
to employ di?uoromethylene group, tetra?uoroethylene 
group, hexa?uoropropylene group and octa?uorobutylene 
group. 

[0067] As for the coupling group that can be introduced as 
the W into the general formula (u-l) according to the present 
invention, it is possible to employ, for example, —O—, 
—CH2—> —C(CH3)2—> —C(CH2CH2)2—> 
—C(CH2CH2CH2)2—, —(CH2CH2CH2CH2)2—, 
—C(=S)—, and —C(=O)—. It is also possible to intro 
duce single bond as the W. 

[0068] As for the polymer compound having a polymer 
iZable double bond and being useful for forming photoresist, 
it is possible to employ a compound having the same 
structure as that of adamantane represented by any of the 
folloWing general formulas (3A), (3B) and (3C) except that 
oxygen atom is introduced into a site betWeen some of the 

C—C bonds constituting the adamantine, or a compound 
comprising tricyclodeca(mono)diene or tetracyclode 
ca(mono)diene each having ?uorine atom introduced 
therein. 

(3A) 
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-continued 
(313) 

(3C) 

R4 

[0069] (wherein at least one of RX3s is a ?uorine atom 
or monovalent organic group containing a ?uorine 
atom, the residual RX3s being the same or different 
and being individually a hydrogen atom or monova 
lent organic group; and R4s may be the same or 
different and are individually a hydrogen atom or 
monovalent organic group; With the proviso that one 
or tWo of the RX3 and the R4 are respectively a 
coupling hand). 

[0070] In this case, it is more preferable that the polymer 
compound for photoresist comprises, as a side chain, ada 
mantane, tricyclodecane, tetracyclodecane or hydronaphtha 
lene skeleton. 

[0071] The polymer compound for photoresist according 
to the present invention can be synthesiZed by a process 
Wherein a monomer having a polymeriZable double bond in 
its molecule for example is employed as a monomer having 
a bridged alicyclic skeleton having ?uorine atom introduced 
therein, and then, the monomer is permitted to polymeriZe 
by radical polymeriZation, anionic polymeriZation, cationic 
polymeriZation or polymeriZation using Ziegler-Natta cata 
lyst. 
[0072] Further, When this polymer compound for a pho 
toresist is constructed such that it comprises a repeating unit 
having a side chain Which is constituted by an alicyclic 
skeleton having ?uorine atom introduced therein, it Would 
be preferable in vieW of enhancing the dry etching resistance 
and adhesiveness of the resist. 

[0073] In particular, When this polymer compound is pro 
vided, as an alicyclic skeleton, With an adamantine skeleton 
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Which is represented by the aforementioned general formula 
(3A), (3B) or (3C), it Would be preferable in vieW of 
enhancing the polymeriZability thereof and of enabling the 
polymer compound to be polymeriZed at any desired ratio of 
composition. 
[0074] Generally speaking, a polymeriZable double bond, 
as seen in the case of a polymer Where the main chain thereof 
contains an alicyclic group, can be formed into a polymer of 
high molecular Weight by using Ziegler-Natta catalyst. 
HoWever, the polymer compound according to the present 
invention is useful Without raising any problems as long as 
it can be formed into a ?lm even if the molecular Weight 
thereof is loW. Therefore, the polymer compound according 
to the present invention may be polymeriZed by any con 
venient procedures such as radical polymeriZation so as to 
enable the polymer to be employed under the condition 
Where loW molecular Weight compounds and high molecular 
Weight compounds are mixed together. 

[0075] The polymer compound for photoresist according 
to the present invention can be deemed as being a ?uorine 
containing alicyclic resin, Which can be reacted With a 
polyhydric alcohol comprising at least tWo hydroxyl groups 
and a conjugated polycyclic fused aromatic skeleton to form 
a polymer compound for photoresist. In this case, the 
polyhydric alcohol may be formed of a mixture comprising 
a plurality of compounds. 

[0076] Incidentally, the photosensitive resin composition 
according to the present invention may be formulated such 
that poly?uoro substituent group or polynorbornene bond is 
concurrently existed therein. 

[0077] HoWever, in vieW of the transparency of resist to a 
short Wavelength beam, it is more preferable that the poly 
mer compound for photoresist according to the present 
invention is formed of one Which is copolymeriZed With a 
compound Which is free from any molecular skeleton Which 
is highly capable of absorbing the light of short Wavelength 
Zone such as benZene nucleus. More speci?cally, it is 
desirable that the light absorbency of the polymer compound 
for photo-resist to a light 157 nm in Wavelength is 4 or less 
per 1 pm. 

[0078] Further, the Weight average molecular Weight 
(hereinafter referred to as MW or “average molecular 
Weight”) of the aforementioned polymer compound should 
preferably be con?ned Within the range of 1,000 to 500,000 
(as it is reduced to polystyrene; the same hereinafter), more 
preferably 1,500 to 50,000. If the average molecular Weight 
of this polymer compound is less than 1,000, it may become 
disadvantageous in obtaining a resist ?lm having a suf?cient 
mechanical strength. On the other hand, if the average 
molecular Weight of this polymer compound exceeds over 
500,000, it may become dif?cult to form a resist pattern 
excellent in resolution. The polymer compound for photo 
resist according to the present invention is generally per 
mitted to co-exist together With other copolymeriZable com 
pounds and to be constituted by components having various 
degrees of molecular Weight. The polymer compound 
according to the present invention is capable of exhibiting 
desirable effects even the molecular Weight thereof is rela 
tively small. For example, the polymer compound according 
to the present invention may be predominantly constituted 
by components having an average molecular Weight ranging 
from 1,000 to 2,000. The polymer compound mainly con 
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stituted by these loW molecular Weight components is 
advantageous in suppressing the non-uniform dissolution. 
Further, the polymer compound according to the present 
invention may contain therein a large quantity of residual 
monomers as long as no problem is raised by the inclusion 
of these monomers. 

[0079] It is preferable, in the polymer compound for 
photoresist according to the present invention, that the 
components thereof are formulated such a Way that the ratio 
of ?uoro-substituent group is 10% by Weight or more based 
on the solid matters of the resist composition. If the ratio of 
?uoro-substituent group is less than 10% by Weight, it may 
become dif?cult to form, by alkaline development, a resist 
pattern Which is excellent in resolution and adhesiveness, 
and still more, the dry etching resistance of the resist pattern 
to be obtained is likely to be deteriorated. 

[0080] Although it is possible to obtain the polymer com 
pound of the present invention useful for forming photore 
sist through the polymeriZation of monomers having a 
bridged alicyclic skeleton having ?uoro group introduced 
therein, it is also possible to obtain the polymer compound 
through the copolymeriZation of the monomers With various 
kinds of vinyl compounds. For example, it is possible to 
employ the folloWing vinyl compounds in this case. Namely, 
they include vinyl methylcarboxide, vinyl ethylcarboxide, 
vinyl propylcarboxide, vinyl t-butylcarboxide, vinyl tetrahy 
dropyranylcarboxide, vinyl methoxymethylcarboxide, vinyl 
ethoxymethylcarboxide, vinyl ethoxyethylcarboxide, iso 
propenyl methylcarboxide, isopropenyl ethylcarboxide, iso 
propenyl propylcarboxide, isopropenyl t-butylcarboxide, 
isopropenyl tetrahydropyranylcarboxide, isopropenyl meth 
oxymethylcarboxide, isopropenyl ethoxymethylcarboxide, 
isopropenyl ethoxyethylcarboxide, vinyl methylketone, 
vinyl ethylketone, vinyl propylketone, vinyl t-butylketone, 
vinyl tetrahydropyranylketone, vinyl methoxymethylketone, 
vinyl ethoxymethylketone, vinyl ethoxyethylketone, isopro 
penyl methylketone, isopropenyl ethylketone, isopropenyl 
propylketone, isopropenyl t-butylketone, isopropenyl tet 
rahydropyranylketone, isopropenyl methoxymethylketone, 
isopropenyl ethoxymethylketone, isopropenyl ethoxyeth 
ylketone, vinyl methylcarbonate, vinyl ethylcarbonate, vinyl 
propylcarbonate, vinyl t-butylcarbonate, vinyl tetrahydropy 
ranylcarbonate, vinyl methoxymethylcarbonate, vinyl 
ethoxymethylcarbonate, vinyl ethoxyethylcarbonate, isopro 
penyl methylcarbonate, isopropenyl ethylcarbonate, isopro 
penyl propylcarbonate, isopropenyl t-butylcarbonate, iso 
propenyl tetrahydropyranylcarbonate, isopropenyl 
methoxymethylcarbonate, isopropenyl ethoxymethylcar 
bonate, isopropenyl ethoxyethylcarbonate, vinyl carbonate 
and isopropenyl carbonate. 

[0081] It is preferable, in vieW of adjusting the alkali 
solubility of the polymer compound for photoresist and of 
enhancing the adhesiveness of the resist to a substrate, to 
copolymeriZe the polymer compound With the folloWing 
compounds. Speci?c examples of such compounds include 
vinyl carbonate, isopropenyl carbonate, carbonyl ester sub 
stitution products of these carbonates, vinyl phenol, vinyl 
naphthol, naphthol oxymethacrylate, and alkali-soluble 
compounds such as S02. The alkali-soluble groups of these 
alkali-soluble compounds may be copolymeriZed With a 
compound protected With an acid-decomposable group hav 
ing solubility-inhibiting properties. 
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[0082] As for this acid-decomposable group, it is possible 
to employ esters of carboxylic acid for example. More 
speci?cally, it is possible to employ esters of carboxylic 
acid, ethers of carboxylic acid, acetals of carboxylic acid, 
ketals of carboxylic acid, cyclic orthoesters of carboxylic 
acid, silylketene acetals of carboxylic acid, acyclic acetals or 
acyclic ketals of carboxylic acid, cyclic acetals or cyclic 
ketals of carboxylic acid, and cyanohydrins of carboxylic 
acid. Speci?c examples of acid-decomposable groups 
include esters such as isopropyl ester, tetrahydropyranyl 
ester, tetrahydrofuranyl ester, methoxyethoxymethyl ester, 
2-trimethylsilylethoxymethyl ester, 3-oxocyclohexyl ester, 
isobonyl ester, trimethylsilyl ester, triethylsilyl ester, isopro 
pyldimethylsilyl ester, di-t-butylmethylsilyl ester, oxaZole, 
2-alkyl-1,3-oxaZoline, 4-alkyl-5-oxo-1,3-oxaZoline, and 
5-alkyl-4-oxo-1,3-dioxolane; ethers such as t-buthoxycarbo 
nyl ether, t-buthoxymethyl ether, 4-pentenyloxymethyl 
ether, tetrahydropyranyl ether, 3-bromotetrahydropyranyl 
ether, l-methoxycyclohexyl ether, 4-methoxytetrahydropy 
ranyl ether, 4-methoxytetrahydrothiopyranyl ether, 1,4-di 
oxan-2-yl ether, tetrahydrofuranyl ether, 2,3,3a,4,5,6,7,7a 
octahydro-7,8,8-trimethyl-4,7-methanobenZofuran-2-yl 
ether, t-butyl ether, trimethylsilyl ether, triethylsilyl ether, 
triisopropylsilyl ether, dimethylisopropylsilyl ether, diethyl 
isopropylsilyl ether, dimethylthexylsilyl ether, and t-bu 
tyldimethylsilyl ether; acetals such as methylene acetal, 
ethylidene acetal, 2,2,2-trichloroethylidene acetal, 2,2,2-tri 
bromoethylidene acetal and 2,2,2-triiodoethylidene acetal; 
ketals such as l-t-butylethylidene ketal, isopropylidene ketal 
(acetonide), cyclopentylidene ketal, cyclohexylidene ketal 
and cycloheptylidene ketal; cyclic-orthoesters such as meth 
oxymethylene acetal, ethoxymethylene acetal, dimethoxym 
ethylene orthoester, l-methoxyethylidene orthoester, 
l-ethoxyethylidene orthoester, 1,2-dimethoxyethylidene 
orthoester, 1-N,N-dimethylaminoethylidene orthoester, and 
2-oxacyclopentylidene orthoester; silylketene acetals such 
as trimethylsilylketene acetal, triethylsilylketene acetal, tri 
isopropylsilylketene acetal and t-butyldimethylsilylketene 
acetal; silyl ethers such as di-t-butylsilyl ether, 1,3-1‘,1‘,3‘, 
3‘-tetraisopropyldisiloxanylidene ether and tetra-t-buthoxy 
disiloxane-1,3-diylidene ether; acyclic acetals or acyclic 
ketals such as dimethyl acetal, dimethyl ketal, bis-2,2,2 
trichloroethyl acetal, bis-2,2,2-tribromoethyl acetal, bis-2,2, 
2-triiodoethyl acetal, bis-2,2,2-trichloroethyl ketal, bis-2,2, 
2-tribromoethyl ketal, bis-2,2,2-triiodoethyl ketal, diacetyl 
acetal and diacetyl ketal; cyclic acetals or cyclic ketals such 
as 1,3-dioxane, 5-methylene-1,3-dioxane, 5,5-dibromo-1,3 
dioxane, 1,3-dioxolane, 4-bromomethyl-1,3-dioxolane, 4-3‘ 
butenyl-1,3-dioxolane and 4,5-dimethoxymethyl-1,3-diox 
olane; and cyanohydrins such as o-trimethylsilyl 
cyanohydrin, o-l-ethoxyethyl cyanohydrin and o-tetrahy 
dropyranyl cyanohydrin. 

[0083] In the present invention, it is more preferable, in 
vieWpoint of the easiness in decomposition by acid, to 
employ alicyclic compounds having t-butyl group, ethoxy 
ethyl group, 3-carbonylcyclohexyl group, isobornyl group, 
trimethylsilyl group, tetrahydropyranyl group, aZakarbonyl 
group or a tertiary ester structure among the aforementioned 
acid-decomposable groups. Speci?c examples of such ali 
cyclic compounds are, for example, dialkyladamantyl car 
bonylester, dialkylmonoadamantylmethanol carbonylester, 
tertiary carbonylester of methanediol, and carbonylester of 
hydroxypinanone. 
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[0084] Incidentally especially When the orxl of the afore 
mentioned general formulas (1) and (2A) is constituted by 
OH, these acid decomposable groups may be introduced into 
the polymer compound. 

[0085] It is preferable, in vieW of enhancing the dry 
etching resistance of resist, that the aforementioned acid 
decomposable groups themselves are formed of an alicyclic 
compound. Namely, it is preferable for this purpose to 
employ, as a copolymer component of the polymer com 
pound, a monomer enables carboxylic acid to be generated 
through the dissociation thereof from aliphatic ring due to 
the effect of an acid. As for the examples of such a monomer, 
it is preferable to employ vinylpyranyl carbonate, isoprope 
nylpyranyl carbonate, alicyclic vinylcarbonyl ester (having 
a side chain constituted by pyranyl-protected carbonyl 
group)/isopropenylcarbonyl ester, and tertiary vinylcarbonyl 
ester of methanediol/isopropenylcarbonyl ester. It is more 
preferable to employ, as the aforementioned monomer, 
vinylcarbonyl ester of 2-alkyl-2-adamantanol/isopropenyl 
carbonyl ester, diadamantylpropanol, vinylcarbonyl ester of 
dialkylmonoadamantyl methanol/isopropenylcarbonyl ester. 

[0086] The photosensitive resin composition according to 
the present invention should preferably be formulated such 
that these acid-decomposable groups protecting alkali 
soluble group are included not only in the polymer com 
pound but also in a portion of the structure of additives 
(dissolution-inhibiting agents) to be explained hereinafter. 

[0087] Incidentally, if the aforementioned copolymers are 
employed as a base resin in the photosensitive resin com 
position of the present invention, the copolymeriZation ratio 
of other components such as a vinyl compound having an 
acid-decomposable group should preferably be Within the 
range of 10 to 80 mol %, more preferably 15 to 70 mol % 
based on the quantity of any of these copolymers. Because 
if this copolymeriZation ratio is less than 10 mol %, it may 
become di?icult to expect a sufficient dissolution-inhibiting 
effect. On the other hand, if this copolymeriZation ratio is 
increased larger than 80 mol %, it may become di?icult to 
form a resist pattern excellent in resolution. 

[0088] Next, other polymer compounds for photoresist 
according to the present invention, as Well as the monomer 
compounds employed as raW materials for the polymer 
compound, Will be explained. It has been discovered by the 
present inventors that it is possible to raise the acidity of 
hydroxyl group and to prominently enhance the solubility of 
the polymer compound to an alkaline developing solution as 
?uorine atom is introduced into a speci?c site of the polymer 
compound comprising an alicyclic skeleton and hydroxyl 
group. As a result, it is possible to obtain the effect that a 
structure such as carbonyl exhibits a strong absorbency of 
the light of short Wavelength Zone can be eliminated from 
the polymer compound. Therefore, the transparency of the 
resist to a short Wavelength beam of not more than 160 nm 
in Wavelength can be greatly enhanced. 

[0089] The polymer compound for photoresist that has 
been explained above comprises at least one skeleton rep 
resented by the folloWing general formula (11), general 
formula (12A) or general formula (12B): 
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(11) 
RF 

RF 

[0090] (Wherein R is an alicyclic skeleton; at least 
one of RFs is a ?uorine atom, the residual RFs being 
the same or different and being individually a hydro 
gen atom or monovalent organic group; RP is a 
hydrogen atom or monovalent organic group; R2s 
may be the same or different and are individually a 
hydrogen atom or monovalent organic group; and u 
is 0 or an integer not less than 1; With the proviso that 
R may contain a heteroatom, and that R, RF and R2 
may be combined With each other to form a ring); 

(12A) 
RF 0RP 

(C(R2)2)n 

(12B) 
RF RF 

(C(R2)2)n 0 
RF 

RF 

[0091] (Wherein at least one of RFs is a ?uorine atom, 
the residual RFs being the same or different and 
being individually a hydrogen atom or monovalent 
organic group; RP is a hydrogen atom or monovalent 
organic group; R2s may be the same or different and 
are individually a hydrogen atom or monovalent 
organic group; and n is an integer ranging from 2 to 
25; With the proviso that at least tWo carbon atoms 
selected from carbon atoms constituting R2 and car 
bon atoms to Which the R2s are connected may be 
combined to form a condensed ring). 

[0092] The polymer compound for photoresist, Which has 
a skeleton represented by the aforementioned general for 
mula (11), general formula (12A) or general formula (12B) 
is featured in that ?uorine atom is directly coupled to the ot 
carbon of the alcohol having a bridged alicyclic skeleton 
consisting of a combination of at least one cyclic structure 
selected from a ?ve-membered ring structure, a six-mem 
bered ring structure and a seven-membered ring structure 
(hereinafter referred to simply as “a bridged alicyclic skel 
eton”). Due to the presence of such a bridged alicyclic 
skeleton that is introduced into the polymer compound, it is 
noW possible to enhance the dry etching resistance of the 
polymer compound. 
[0093] The alicyclic skeleton represented by any of the 
aforementioned general formulas, such as the R in the 
general formula (11) may be included in either one of the 
side chain and main chain of a polymer compound. 
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[0094] The repeating unit of the polymer compound Where 
the alicyclic skeleton is included in the side chain thereof 
can be represented by the following general formula (u-11): 

R2 R2 (u-11) 

| | 

|, | R W 

,L. 
[0095] (Wherein R2s may be the same or different and 

are individually a hydrogen atom, halogen atom or 
monovalent organic group; R6 is a group represented 
by any one of the folloWing general formulas (5), 
(2A), (2B) and (2C)); and W is a single bond or a 
coupling group: (13) 

RF 

RF 
(12A) 

RF 0RP 

(C(R2)2)n 

(12B) 
RF RF 

(C(R2)2)n 0 
RF 

RF 

[0096] (Wherein R is an alicyclic skeleton; at least 
one of RFs is ?uorine atom, the residual RFs being 
the same or different and being individually a hydro 
gen atom or monovalent organic group; RP is a 
hydrogen atom or monovalent organic group; R2s 
may be the same or different and are individually a 

hydrogen atom or monovalent organic group; n is an 
integer ranging from 2 to 25; and m is an integer 
ranging from 0 to 3; With the proviso that R may 
contain a heteroatom, and that at least tWo carbon 
atoms selected from carbon atoms constituting R, R2 
and RF, and carbon atoms to Which the R, R2 and RF 
are connected may be combined to form a condensed 
ring). 

[0097] On the other hand, the repeating unit of the poly 
mer compound having a alicyclic group on the backbone 
thereof can be represent by folloWing general formula 
(u-12a), (u-12b) or (u-12c). 
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-continued 
(u-12b) 

RF 0RP 

(C(R2)2)n 

_W W_ 

(u-12c) 
RF RF 

(C(R2)2)n 0 RF 

RF 

[0098] (Wherein R is an alicyclic skeleton; at least 
one of RFs is ?uorine atom, the residual RFs being 
the same or different and being individually a hydro 
gen atom or monovalent organic group; RP is a 
hydrogen atom or monovalent organic group; R2s 
may be the same or different and are individually a 
hydrogen atom or monovalent organic group; Ws 
may be the same or different and are individually a 
single bond or a coupling group; and n is an integer 
ranging from 2 to 25; With the proviso that R may 
contain a heteroatom, and that at least tWo carbon 
atoms selected from carbon atoms constituting R, R2 
and RF, and carbon atoms to Which the R, R2 and RF 
are connected may be combined to form a condensed 
ring). 

[0099] The polymer compound represented by the afore 
mentioned general formula (11), (12A) or (12B) is featured 
in that at least one ?uorine atom is directly coupled to the 
carbon to Which an active hydroXyl group is directly 
coupled, or directly coupled to the carbon to Which the 
active hydroXyl group Whose active hydrogen is substituted 
by monovalent organic group is directly coupled. The effects 
that can be brought about by the coupling of a ?uorine atom 
to such a carbon atom (hereinafter referred to as a carbon) 
Will be explained beloW in detail With reference to a speci?c 
eXample. 
[0100] First of all, samples of polymer compounds each 
having a structure represented by the folloWing chemical 
formula Where ?uorine atom is coupled to a predetermined 
carbon Were prepared. Then, the solubility parameter and the 
polariZability of hydroXyl group of each sample Were mea 
sured, the results being shoWn in the graph of FIG. 1. 

CH2 

[0101] The numbers shoWn along the abscissa of graph of 
FIG. 1 denote the position of each of the carbon atoms 

5 

E 
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shown in the above chemical formula. Incidentally, the 
number 1 of the abscissa of the graph denotes a sample 
Where a ?uorine atom is not bonded to any of the carbons of 
the chemical formula. Whereas the number 9 of the abscissa 
of the graph denotes a sample Where a ?uorine atom is 
directly bonded to an a carbon atom. 

[0102] As apparent from the graph of FIG. 1, the polar 
iZability of the active hydroxyl group and the solubility 
parameter of the polymer in the samples Where the ?uorine 
atom Was introduced into carbon atoms other than the a 

carbon atom (the numbers 1-8 of the abscissa) Were almost 
the same as those of the sample Where the ?uorine atom Was 
not introduced into the carbon atom at all (the number 1 of 
the abscissa). Whereas, in the case of the sample Where the 
?uorine atom Was introduced into the a carbon atom (the 
number 9 of the abscissa), the values With respect to both of 
the aforementioned polariZability and parameter Were 
greatly varied. More speci?cally, When one ?uorine atom 
Was directly bonded to the a carbon atom, the polariZability 
of the active hydroxyl group became almost the same as that 
of phenolic hydroxyl group, and the solubility parameter of 
the polymer became 11 (cal~cm3)1/2 or so. 

[0103] Accordingly, it is possible, by enabling one ?uorine 
atom to directly bond to the a carbon atom, to effectively 
raise the polariZability of the active hydrogen and to enhance 
the polariZability of the polymer compound. 

[0104] It is certainly possible to enhance the polariZability 
of the active hydroxyl group by the introduction of a ?uorine 
atom in the manner as mentioned above. HoWever, there is 
a possibility that the introduction of a ?uorine atom may 
concurrently deteriorate the hydrophilicity and dry etching 
resistance of the polymer compound, as Well as the adhe 
siveness thereof to substrate. Since these properties of the 
polymer compound are depend on the number of ?uorine 
atoms introduced into the polymer compound, it is desirable 
to con?ne the number of ?uorine atoms to a speci?c range. 

[0105] Next, an explanation Will be made on the number 
of ?uorine atoms to be introduced into the polymer com 
pound, and the solubility parameter of the polymer. 

[0106] Herein, a polymer compound having a structure 
represented by the folloWing chemical formula Will be taken 
into consideration as a speci?c example. In this polymer 
compound, R13 and R1b are coupled to an a carbon atom. 

Rlb 
OH 

[0107] First of all, 10 kinds of polymer Were prepared by 
introducing a hydrogen atom, methyl group, ?uorine atom or 
tri?uoromethyl group into these groups R18 and Rib. Then, 
each of these polymers (Polymers 1 to 10) Were measured 
With respect to the solubility parameter and acidity thereof, 
the results being summariZed in the folloWing Table 1. 
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TABLE 1 

Solubility 
R1a Rlb parameter Acidity 

Polymer 1 H H 11.993 0.196 
Polymer 2 H CH3 11.326 0.195 
Polymer 3 CH3 CH3 10.802 0.195 
Polymer 4 H F 11.709 0.215 
Polymer 5 H CF3 10.839 0.214 
Polymer 6 CH3 F 11.014 0.212 
Polymer 7 CH3 CF3 10.398 0.216 
Polymer 8 F F 11.266 0.232 
Polymer 9 F CF3 10.564 0.234 
Polymer 10 CF3 CF3 10.037 0.234 

[0108] Further, based on the results shoWn in Table 1, the 
relationship betWeen the number of F or CF3 that had been 
introduced into the polymer compounds and the acidity of 
the polymer compounds Was investigated, the results being 
shoWn in the graph of FIG. 2, and at the same time, the 
relationship betWeen the number of ?uorine atoms in the 
polymer compounds and the solubility parameter of the 
polymer compounds Was investigated, the results being 
shoWn in the graph of FIG. 3. 

[0109] As is apparent from Table 1 and the graph of FIG. 
2, the polariZability of the active hydroxyl group in the 
samples Where a ?uorine atom Was introduced into at least 
one of these groups R13 and R1b Which Were bonded to the 
a carbon atom Was almost equivalent to that of the sample 
Where a tri?uoromethyl group Was introduced into these 
groups. For example, the polariZability of the active 
hydroxyl group in the sample Where one ?uorine atom Was 
introduced into the a carbon atom Was almost the same as the 
polariZability of the phenolic hydroxyl group of the sample 
Where one tri?uoromethyl group Was introduced into the a 
carbon atom. 

[0110] Further, as shoWn in the graph of FIG. 3, the 
solubility parameter of the polymer varied in proportion to 
the number of ?uorine atoms that had been introduced into 
the polymer compound. The solubility parameter of the 
polymer compound used as a component of a resist for 
forming a ?ne pattern should preferably be Within the range 
of 10.1 (cal~cm3)1/2 to 11.5 (cal~cm3)1/2. If this solubility 
parameter is caused to fall outside this range, there Will be 
raised various problems such as the deterioration of solu 
bility thereof to the ordinary solvents for resist, the phase 
separation thereof from other components constituting the 
resist, the generation of cissing due to the deterioration in 
af?nity thereof With a developing solution, and the deterio 
ration in adhesiveness thereof to a substrate. 

[0111] In the case of the polymer compound having 6 or 
more ?uorine atoms in the repeating unit thereof hoWever, 
since the hydrophilicity thereof is deteriorated due to the 
effect of ?uorine atoms, the solubility parameter thereof 
Would be caused to fall outside the aforementioned range. A 
resist ?lm comprising such a polymer compound Would be 
accompanied With the problem that since an alkaline devel 
oping solution is likely to be repelled by the resist, it Would 
be impossible to enable the development to proceed uni 
formly, thereby generating defective development. Addi 
tionally, there may be raised another problem that the resist 
pattern to be formed through the employment of such a 
polymer compound Would be inferior in adhesiveness. 

[0112] In vieW of these problems, in the case of the 
polymer compound for a photoresist, Which is represented 




























































































































































































